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Abstract
To assess changes in properties were compared grey soil used as arable more than 100 years and grey soil from
the deciduous forest. The results showed that in arable soils decreased the content of humus and nutrients by 40%,
increased acidity, horizons become compact, the illuvial process was stopped, the physical quality status became
unfavorable for plant growing. The continued use the grey soils in the arable will lead to complete degradation that is
why it is necessary to apply remediation measures to them.
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1. Introduction
Grey soils in the semihumid warm moderate
zone of Northern Moldova occupy Northern
Plateau. This geomorphological district is
characterized by mild forms of relief, which causes
weak manifestation of erosion. Absolute altitudes up
250-300 m. Horizontal fragmentation in the valleys
- 1.5-2.0 km/km2, vertical average fragmentation 50-
100 m, on the west, in the fossil reefs chains - up to
150 m. Grey soils were formed under deciduous
forest vegetation in temperate climate conditions
(the sum of temperatures >10° - 2700-2800°, the
annual amount of precipitation - 550-650 mm,
hydrothermal coefficient, K=0.7-0 9). As a result of
deforestation in different historical periods the grey
soils were used in arable. The largest areas of forests
have been cleared and restored to agricultural land
in the last 100 years. Parental materials are
represented predominantly by loess deposits. Soils
are characterized by a clear distinction on texture
profile [4].
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2. Material and Method
The purpose of research – studies concerning
modification of forest grey soils properties used in
arable. For this purpose soil profiles on the arable
land and forest have been placed. To determine soil
properties were collected soil samples from genetic
horizons to determine the physic-chemical
properties in conformation with classical methods.
3. Results and Discussions
Arable Grey Soil. The soil profile was placed
on the horizontal surface of a broad ridge on
Northern Moldova Plateau.
Absolute altitude - 234 m. Northern Moldova
Plateau is a primary area of denudation formed in
Pliocene.
Surface rocks are formed from loess deposits
clay-loamy of wind provenience (thickness 1.2 m),
under which lie the Pliocene sandy-clay deposits
with large fragments of limestone rocks.
Climatic Zone - semihumid warm moderate.
Solar period - 280-290.
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Duration of insolation - 2000-2050 hours.
Average annual temperature - 7-8C. Amount of
t>10 - 2700-2800. Annual amount of
precipitation - 600 mm. Evaporability potential -
650-700 mm. Hydrothermal coefficient - 0.8-0.9.
Duration of the vegetation period - 166-167 days
[2].
The soil cover on arable land consists of
arable grey soils submoderate humiferous with
semiprofound humiferous profile, clayey 0-35 cm
and clay-loamy 35-100 cm. The arable land is used
in field crops.
Natural factors of soil degradation: the eluvial
- illuvial soil process of textural differentiation;
excessive compaction of the underlying illuvial
horizon. Anthropogenic factors of soils degradation:
low humus content and compaction of arable layer
as a result of irrational agricultural use [1, 3].
The investigated arable grey soil is
characterized by profile type: Ahp1 - Ahp2 - Bhtw -
Btw - BCtw - 1CRk (Fig. 1). Profile depth - 120 cm.
At a depth of 100 cm appears the underlying rock
composed of yellow material unconsolidated sandy-
clay with large fragments of hone.
Figure 1.  The profile of arable grey soil Figure 2. The profile of virgin grey soil
After deforestation and utilisation of land as
arable, the hydrothermal regime and biological cycle
of substances were modified, the eluvial-illuvial
process in the profile of these soils has ceased.
Statistical average data on arable and virgin grey
soils properties are shown in Tab. 1-4 and Fig. 3-4.
Table 1. Texture of arable and virgin grey soils
Genetic horizons
and depth, cm
The limits of particle size fractions, mm; content,% g/g
1-0.25 0.25-0.05 0.05-0.01 0.01-0.005 0.005-0.001 <0.001 <0.01
Arable grey soil
Ahp1         0-24 2.2 23.6 31.2 9.6 13.2 20.2 43.0
Ahp2        24-35 2.4 23.4 31.1 9.2 13.9 20.0 43.1
Bhtw 35-53 2.1 21.7 28.3 8.2 12.5 27.2 47.9
Btw          53-71 1.6 21.5 27.8 8.7 10.8 29.6 49.1
BCtw       71-80 2.4 22.2 26.3 8.4 10.9 29.8 49.1
BCtw      80-100 2.8 26.4 23.0 9.7 10.1 28.0 47.8
1CRk    100-120 9.7 63.7 9.2 5.1 5.3 7.0 17.4
Virgin grey soil
Ahţ            0-9 1.1 23.3 32.9 11.0 12.4 19.3 42.7
AEh          9-26 0.7 22.9 32.8 10.8 12.0 20.8 43.6
BEhtw     26-37 0.9 22.4 30.2 10.2 11.3 25.0 46.5
Bhtw       37-54 1.0 22.7 28.9 9.9 10.0 27.5 47.4
Btw         54-72 0.8 22.8 27.4 9.9 10.9 28.2 49.0
BCtw     72-100 1.1 28.1 23.7 9.5 9.9 27.7 47.1
BCtw    100-120 2.4 31.3 20.7 9.1 8.9 27.6 45.6
1CRk    120-140 1.5 55.2 18.5 5.7 6.3 12.8 24.8
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Virgin Grey Soil is an absolute standard for
comparing and assessing the changes in arable grey
soil characteristics in result of human impact. The
profile of virgin grey soil was placed on the
horizontal surface of a broad peak of Northern
Moldova Plateau, in the primary forest located in
the south of arable land that was placed the profile
on the arable. Absolute altitude - 239 m. Climatic
conditions, topography, surface and underlying
rocks are the similar.
The soil cover is composed of virgin (follow)
grey soil humiferous with submoderate humiferous
profile, clayey deep in 0-26 cm and clay-loamy in
26-120 cm. Profile depth - 140 cm.
Effervescence - from 120 cm depth. At the
depth 120 cm the pseudomycelia appear as
carbonates, veining, and small and medium sized
fragments of hone. Grey virgin soil from the forest
is characterized by the profile type: Ahţ - AEh –
BEhtw – Bhtw – Btw – BCtw – 1CRk (Fig. 2).
Table 2. Average statistics parameters of structural composition of arable and virgin grey soils
Depth,
cm
Content of structural elements (size, mm) determinate by dry sieving
(numerator) and hydro stabile aggregates   (denominator), % g/g Structuralquality
(sieve dried)
Structural
hydrostability
(wet sieving)>10 < 0.25 Sum10 – 0.25
Sum
>10 + < 0.25
Arable grey soil
Ahp1
0-12
23.8±8.0
-
8.5±5.6
64.6±3.5
67.7±3.9
35.4±3.5
32.3±3.9
64.6±3.5 good lower
Ahp1
12-25
39.6±1.6
-
4.3±0.7
64.1±3.3
56.2±2.0
35.9±3.3
43.9±2.0
64.1±3.3 satisfactory lower
Ahp2
25-35
34.5±6.1
-
3.5±2.2
69.4±4.7
62.3±7.5
30.6±4.7
38.0±7.5
69.4±4.7 good lower
Bhtw
35-53
22.3±5.3
-
2.9±0.8
64.9±2.8
74.9±4.6
35.1±2.8
25.2±4.6
64.9±2.8 good lower
Virgin grey soil
Ahţ
0-9
7.2±1.1 9.3±1.8 83.5±2.0 16.5±2.0
very good very high
- 26.1±1.6 73.9±1.6 26.1±1.6
AEh
9-24
9.5±2.4 5.2±1.8 85.2±2.2 14.7±2.2
very good very high
- 17.8±1.5 82.2±1.5 17.8±1.5
BEhtw
24-35
31.0±2.6 3.6±0.6 65.4±2.1 34.6±2.1 good high
- 23.7±3.2 70.2±12.3 23.7±3.2
Bhtw
35-53
46.1±11.4 4.7±3.3 49.2±11.8 50.8±11.8
moderate high
- 33.5±2.3 66.5±3.5 33.5±2.3
Table 3. Average statistical parameters of physical characteristics on genetic horizons of grey soils
Genetic
horizons
depth, cm
Horizon
thick-
ness,
cm
Fractions,
%g/g Hygro-
scopi-
city
Coeffici-
ent of
hygros-
copicity
Density Apparentdensity
Total
porosity,
% v/v
Degree
of com-
paction%
v/v
<0.001
mm
<0.01
mm % g/g g/cm3
Arable grey soil
Ahp1       0-12 12±1 20.2 43.0 4.1±0.6 5.2±0.6 2.60±0.02 1.30±0.02 49.9±0.9 0±2
Ahp1     12-25 13±1 20.2 43.0 4.1±0.6 5.2±0.6 2.60±0.02 1.45±0.03 44.4±1.1 11±2
Ahp2     25-35 10±1 20.0 43.1 3.8±0.7 4.9±0.7 2.62±0.01 1.52±0.05 41.2±0.7 17±2
Bhtw     35-53 18±1 27.2 47.9 3.5±0.5 4.6±0.8 2.66±0.01 1.61±0.02 39.5±0.6 22±1
Btw       53-71 18 29.6 49.1 3.6 5.5 2.68 1.61 39.9 22
BCtw    71-80 29 29.8 49.1 3.4 4.8 2.69 1.62 39.8 22
BCtw   80-100 29 28.0 47.8 3.0 4.3 2.69 1.61 40.1 21
1CRk100-120 - 7.0 17.4 0.8 1.3 2.68 1.51 43.8 6
Virgin grey soil
Ahţ           0-9 9±1 19.3 42.7 5.2±0.4 6.3±0.5 2.51±0.01 1.19±0.02 52.8±0.7 -6
AEh        9-24 15±2 20.8 43.6 4.2±0.3 5.3±0.3 2.59±0.04 1.27±0.01 51.1±0.6 -2
BEhtw   24-35 11±1 25.0 46.5 3.9±0.4 5.3±0.4 2.65±0.03 1.42±0.02 46.2±0.9 8
Bhtw     35-53 18±1 27.5 47.4 4.1±0.3 5.6±0.3 2.67±0.02 1.63±0.03 39.1±1.1 23
Btw       53-72 19 28.2 49.0 5.1 6.3 2.69 1.67 37.9 25
BCtw  72- 100 48 27.7 47.1 5.6 6.8 2.70 1.66 38.5 24
BCtw 100-120 48 27.6 45.6 5.3 6.5 2.70 1.62 40.0 21
1CRk 120-140 - 12.8 24.8 2.5 3.7 2.71 1.51 44.3 12
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The processes that led to the change in clay
content of the investigated soil horizon Btw are
illuviation of clay from 0-26 cm layer and cambic
alteration process "in situ" of initial parent material
of this horizon. Data on virgin grey soil
characteristics are present in Tables 1-4, Fig.3-4.
Table 4. Average statistics indices of chemical characteristics on genetic horizons of grey soils
Genetic
horizons and
depth, cm
pH
Ca
CO3 P2 O5 total N  total C : N
Mobile forms,
g/100 g soil
Hydrolytic
acidity,
me/100g soil% g/g P2 O5 K2 O
Arable grey soil
Ahp1      0-25 6.4±0.1 0 0.104±0.003 0.114±0.007 11.6±0.5 2.0±0.4 14±2 3.6±0.4
Ahp2     25-35 6.3±0.1 0 0.086±0.008 0.107±0.007 11.2±0.2 1.7±0.2 12±1 3.2±0.4
Bhtw     35-53 6.5±0.1 0 0.059±0.004 0.077±0.007 10.8±0.3 1.2±0.3 10±1 2.4±0.5
Btw       53-71 6.8 0 - - - - - -
BCtw    71-80 7.0 0 - - - - - -
BCtw   80-100 7.2 0 - - - - - -
1CRk 100-120 8.0 9.7 - - - - - -
Virgin grey soil
Ahţ          0-9 6.4±0.4 0 0.147±0.011 0.272±0.22 12.9±0.4 7.6±2.6 39±4 2.4±1.3
AEh        9-24 5.6±0.5 0 0.095±0.017 0.153±0.004 12.2±0.2 3.1±0.4 17±3 6.3±1.7
BEhtw  24-35 5.5±0.4 0 0.075±0.013 0.112±0.012 11.5±0.3 2.1±0.2 14±3 5.4±1.1
Bhtw     35-53 5.6±0.2 0 0.057±0.005 0.067±0.006 10.9±0.4 2.2±0.2 12±1 3.9±1.0
Btw       53-72 5.6 0 - - - - - -
BCtw  72-100 5.6 0 - - - - - -
BCtw 100-120 6.1 0 - - - - - -
1CRk 120-140 7.5 4.5 - - - - - -
Figure 3. The content of humus in arable and virgin
grey soils
Figure 4. The content of exchangeable cations in
arable and virgin grey soils
Comparative characteristic of properties
values of virgin and arable grey soils on the
standards layers is presented in Tab. 5.
Data presented in the Tab. 1 and 5 confirms
that arable and virgin soil texture is basically
analogy - clayey in the upper horizon and clay-
loamy in the illuvial or illuvial-cambic horizons.
Given recent structural state of arable layer of
these soils, the loamy texture can be considered as
good in terms of soil tillage.
Due to the clayey texture of the arable layer
of grey soils they are worked easy in agriculture
process.
Texture of illuvial (illuvial-cambic) horizons
Bhtw and Btw is clayey loam. Medium-fine texture
and monolithic structure led to excessive
compaction of these horizons and forming in them
unfavourable physical state quality.
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Table 5. Weighted average statistical parameters of the main qualities of virgin and arable soils
Standard
layers,
cm
Fractions
<0.001mm
Fractions,
<0.01mm HC D AD TP CD
Humus,
% CaCO3 pH HA
Arable grey soil
0-30 20.2 43.0 5.2 2.60 1.40 46.2 8 2.23 0 6.4 3.5
30-50 25.4 46.7 4.7 2.65 1.59 40.0 21 1.60 0 6.4 2.6
0-50 22.3 44.5 5.0 2.62 1.48 43.5 13 1.98 0 6.4 3.2
50-100 28.9 48.5 4.8 2.68 1.61 39.9 22 0.61 0 7.0 -
0-100 25.6 46.5 4.9 2.65 1.55 41.5 17 1.30 0 6.7 -
Virgin grey soil
0-30 21.2 43.9 5.6 2.58 1.28 50.4 -1 3.84 0 5.8 5.0
3 0-50 26.9 47.3 5.5 2.66 1.58 40.6 20 1.47 0 5.6 4.3
0-50 23.5 45.3 5.6 2.61 1.40 46.3 8 2.89 0 5.7 4.7
50-100 27.9 47.8 6.5 2.69 1.66 38.3 24 0.57 0 5.6 -
0-100 25.7 46.6 6.1 2.65 1.53 42.3 16 1.73 0 5.7 -
Note: HC – hygroscopicity coefficient, % g/g; CD – compaction degree; D - density,  g/cm3 ; AD - apparent density,
g/cm3; TP- total porosity,  % v/v; HA – hydrolytic acidity, me/100g soil.
The structure of arable layer of grey soil have
good quality, and aggregates hydrostability - lower.
Therefore, a favourable state of physical quality for
this layer can be created only through regular tillage
the soil over the entire period of the crop vegetation.
The Ahţ, AEh, BEhtw horizons of virgin grey
soil are characterized with very good structure,
composed of hidrostabile aggregates.
Thus, the soil utilization in the arable led to
the destruction of initial favourable structure of
virgin grey soil.
Destructuration has significantly decreased
the resistance to compaction of this layer.
Towards the end of the growing season the
bulk density of arable layer reaches 1.4 g/cm², in the
underlying stratum - higher than 1.5 g/cm² (Tab. 3),
which creates unfavourable conditions for plant
growing.
Illuvial horizons Bhtw and Btw of arable and
virgin grey soils are similar and characterized by an
almost monolithic structure, the very high bulk
density (1.61 to 1.63 g/cm3) and compaction degree
(20-24). A certain remediation of physical quality
state of illuvial horizon is only possible by
performing subsoiling at a depth of 40-70 cm.
The content of humus in the 0-30 cm layer of
arable soil (2.23%) compared with humus content in
the same layer of virgin soil (3.84%), decreased by
1.6%. Arable soils have lost up to 42% of the initial
content of humus (Fig. 3).
Dehumification and soil tillage, in turn,
caused distructuration and compacting of arable
grey soils and worsening their physical quality.
As a result of physical degradation the
permeability and water capacity, conductivity and
water availability of arable grey soil decreased.
Fallow (virgin) grey soils are characterized
with significant accumulation of biofile elements
(NPK) and exchangeable cations into surface
horizons and the arable soil - with a considerable
decrease in content of these elements in the arable
layer (Fig.4).
Virgin grey soil have acidic reaction (pH=5-6,
hydrolytic acidity=4-6 me) and the arable grey soil -
slightly acidic (pH=6-7, hydrolytic acidity=2.5-3.5
me) which led to stopping the eluvial-illuvial
process in these soils.
4. Conclusions
Arable grey soils in the North of Moldova,
compared to virgin grey soils from the forest are
characterized by moderate degradation as a result of
dehumification, destructuration and considerable
decrease in content of biofile elements.
In general, arable grey soils are relatively
poor in humus and nutrients from following reasons:
the presence of compact illuvial horizons leads to
lower water permeability and as a result, are
regularly influenced by temporary excess moisture;
have poor stability on the erosion (medium,
medium- coarse and coarse soil texture); their
natural fertility is relatively low.
The acidity of arable soil has decrease
considerably, which led to stopping the eluvial-
iluvial process, but still remained quite high.
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Illuvial horizons of virgin and arable grey
soils are characterized by unfavourable chemical
and physical properties - excessive compaction, acid
reaction, low content of nutrients.
In terms of corresponding agrotechnology of
sustainable agriculture on arable grey soils due to
favourable soil and atmospheric humidity regimes,
can be obtain high yields of crops.
Continued use of the arable grey soils under
organic and chemical fertilizer deficiency will lead
to their further impoverishment in nutrients and
worsening their quality.
Pedoameliorative and agro-technical
measures required for these soils are: raising organic
matter in arable layer by applying organic fertilizers,
green manure, residues and organic waste; the
implementation of regional crop rotation;
introduction harmless doses of chemical fertilizers;
improving soil tillage system (once in 3-4 years
performing ploughing at 35 cm depth to crumble
heavily compacted layer, periodic tillage at 40-50
cm depth for partial loosening of natural illuvial
extremely compact horizon).
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